Virtual endoscopy is a relatively new imaging technology in otology, and therefore data on its effi cacy in clinical situations are limited. We conducted a prospective study to evaluate the clinical relevance of radiologic diagnoses based on virtual endoscopy of the middle ear. Our patient population was made up of 30 adults who were scheduled to undergo surgery to correct conductive hearing loss of unknown etiology. Virtual endoscopy was performed on three-dimensional images that were constructed from images obtained with conventional two-dimensional computed tomography (CT). Findings on virtual endoscopy were then compared with the subsequent surgical fi ndings. Virtual endoscopy suggested a middle ear pathology in 19 patients and a normal middle ear in 11 patients. Postoperatively, we found that the virtual diagnoses correlated moderately well with the surgical fi ndings in the group of patients with predicted pathology; 13 of these 19 patients were found to have middle ear problems such as ossicular chain anomalies, otosclerosis, and cholesteatoma (positive predictive value: 68%). However, among the 11 patients whose middle ear structures were radiologically predicted to be normal, only 2 had negative middle ear fi ndings on surgical exploration; of the remaining 9 patients, 8 had otosclerosis and 1 had malleus fi xation (negative predictive value: 18%). Th us, the sensitivity and specifi city of virtual endoscopy were 59 and 25%, respectively. Virtual endoscopy provides images from a surgeon's perspective, and so it has the potential to be useful in the preoperative evaluation of the middle ear cavity. With ongoing advance-ments in computer systems and imaging techniques, the cost, reliability, and effi cacy of virtual endoscopy may improve. However, further clinical validation and costbenefi t analysis are required before we can determine if it has any additional advantages over conventional twodimensional CT.
Introduction
Advancements in computer technology have enabled programmers to create three-dimensional (3D) reconstructions of anatomic structures from images obtained by conventional two-dimensional (2D) computed tomography (CT) and magnetic resonance imaging. Physicians have used these 3D images to perform virtual endoscopic examinations of realistic surface renderings of organs such as the colon 1-3 and bronchi. 4 Encouraging results with virtual colonoscopy and its clinical application were published as far back as 1994. 1 Th e promise of this technology in other specialties stimulated otologists and radiologists to explore the feasibility of applying this imaging modality to evaluating the middle ear. Since then, published data have shown that virtual endoscopy can reveal the anatomy of structures of the middle ear cavity in excellent detail and that it may serve as a useful complement to conventional CT. [5] [6] [7] [8] Even so, the benefi ts of virtual endoscopy in clinical practice and its correlation with surgical fi ndings have not been widely investigated. 9, 10 We conducted a prospective study to address these issues. 
Patients and methods

Results
Among the 30 patients, virtual endoscopy suggested some type of middle ear pathology in 19 patients and a normal middle ear structure in the other 11 (table 1) .
Among the group of 19 patients with predicted pathology, surgery identifi ed a middle ear problem in 13 patients. In this respect, we believe that virtual endoscopy correlated moderately well with the intraoperative fi ndings, as the positive predictive value was 68%. Th e 13 abnormal radiologic fi ndings included an ossicular chain deformity in 8 patients, otosclerosis in 3, and cholesteatoma in 2. Radiologic fi ndings correlated particularly well with intraoperative fi ndings in the 8 patients with an ossicular chain abnormality (table 2) .
Among the 11 patients in whom virtual endoscopy suggested normal middle ear structures, only 2 patients had negative middle ear fi ndings on surgical exploration, for a negative predictive value of only 18%. Of the remaining 9 patients, 8 had otosclerosis and 1 had impaired mobility of a structurally normal malleus.
Th e overall sensitivity and specifi city were 59 and 25%, respectively.
Discussion
Not only does virtual endoscopy allow physicians to explore luminal organs and anatomic cavities in a noninvasive manner, it may also allow for exploration of areas that are inaccessible with conventional endoscopic methods. 10 In the context of otolaryngology, several studies otitis media, tympanic membrane perforation, and otosclerosis. Aft er exclusions, our patient population was made up of 30 patients-21 women and 9 men, aged 22 to 75 years (mean: 48). Th eir air-bone gaps on pure-tone audiometry ranged from 20 to 45 dB (mean: 31.25).
All 30 patients underwent noncontrast helical CT of the temporal bone (LightSpeed CT system; GE Healthcare; Milwaukee), which was used to create 3D images (collimation: 1.25 mm; pitch: 1,300 mA, 120 kV). Th e 2D images were reconstructed into 3D images on a computer and the virtual endoscopy was then performed with navigation soft ware (GE Workstation version 4.2 with navigation soft ware version 5.5.4; GE Healthcare). Th e data acquisition and image processing were standardized as proposed by Rodt et al. 11 Obtaining a suffi cient number of images to create a 3D reconstruction added approximately 20 minutes to the usual time for a conventional CT study. A single radiologist, who was kept unaware of the patients' medical history, interpreted all the conventional CT images and the virtual images (fi gures 1 and 2).
All 30 patients then underwent tympanotomy and surgical exploration of the middle ear to determine the exact cause of their hearing loss and to treat it accordingly. All explorations were performed with general anesthesia by a single otolaryngologist. Th e tympanotomy fi ndings were regarded as the fi nal diagnosis in each patient, and they were thus used to determine the accuracy of each virtual endoscopic fi nding. have shown how this technology could be benefi cial in diagnosing and treating otologic conditions. [12] [13] [14] Virtual endoscopy of the middle ear based on conventional CT imaging data yields 3D images that closely resemble surgical views. For example, Berrettini et al described how they were able to see important anatomic details of the retrotympanum, which allowed them to identify osseous landmarks and explore diff erent recesses that are diffi cult to visualize via other methods. 10 Virtual endoscopy has also demonstrated its usefulness in the diagnosis of dislocated ossicles and dislodged ossicular prostheses. 13, 15 Finally, using a diff erent imaging protocol, a human temporal bone study showed how virtual endoscopy was even able to detect a very small (<0.5 mm) labyrinthine fi stula. 12 While the quality of these anatomic images, which are suitable for teaching purposes, is excellent, the clinical applications of this modality remain to be defi ned. Very few studies have focused on the clinical relevance of virtual endoscopy by directly comparing its fi ndings with intraoperative fi ndings.
Figure 1. Th e 3D CT reconstruction (A) was used to create the virtual endoscopic image (B) of this normal middle ear (m = malleus; i = incus; s = stapes).
Based on our study, positive diagnoses obtained through virtual endoscopy correlated moderately well with the surgical diagnoses. Th e correlation was particularly good in patients radiologically diagnosed with an ossicular chain anomaly, which suggests that virtual endoscopy accurately identifi es major pathology. Th e ability to correctly predict which ossicles are involved can facilitate surgical planning and preoperative patient counseling because diff erent types of ossicular reconstruction are associated with diff erent audiologic outcomes.
On the other hand, virtual endoscopy was not very eff ective in recognizing otosclerosis, as it identifi ed only 3 of 11 cases (27%). Th is fi nding is consistent with that of Martin et al, who demonstrated that virtual endoscopy was unable to improve the sensitivity and specifi city of 2D conventional CT in the diagnosis of otosclerosis. 15 Moreover, our fi nding that the negative predictive value of virtual endoscopy was only 18% indicates that normal fi ndings on virtual endoscopy should not preclude operative explorations.
In conclusion, virtual endoscopy provides a detailed reconstruction of the anatomic structures of the middle ear that can be seen from a surgeon's perspective. Th us, it has the potential to be useful for preoperative evaluation of the middle ear cavity. It may also be useful in teaching clinical anatomy and in training surgeons on operative technique. With ongoing advancements in computer systems and imaging techniques, the cost, reliability, and effi cacy of virtual endoscopy may improve. However, any determination as to whether it has any additional advantages over conventional 2D CT requires further clinical validation and cost-benefi t analysis. Until then, virtual endoscopy remains only a supplement to conventional 2D CT of the middle ear.
